The cervix undergoes both glandular and stromal changes during pregnancy similar to those occurring in the endometrium. 1 The endocervical glands become hyperplastic and result in a polypoid protrusion and increase in the tunnel clusters, and/or microglandular hyperplasia. They also become hypersecretory, contributing to the thick mucous plug which seals off the endometrial cavity from the vagina. This process is known as endocervical gland hyperplasia. Occasionally the glandular cells exhibit nuclear clearing and can also undergo Arias-Stella reaction. At the same time the cervical stroma undergoes ripening through the extensive destruction of its collagen by collagenases and accumulation of gel-like mucopolysaccharides, as well as increase in its fluid content. This results in softened and edematous cervical lips which roll out onto the vagina and evert a considerable portion of the endocervix beyond the external os. A substantial amount of immature squamous metaplasia will consequently follow. The stroma can also undergo focal or massive decidualization, which could be the cause of vaginal spotting in pregnancy.
The cervix undergoes both glandular and stromal changes during pregnancy similar to those occurring in the endometrium. 1 The endocervical glands become hyperplastic and result in a polypoid protrusion and increase in the tunnel clusters, and/or microglandular hyperplasia. They also become hypersecretory, contributing to the thick mucous plug which seals off the endometrial cavity from the vagina. This process is known as endocervical gland hyperplasia. Occasionally the glandular cells exhibit nuclear clearing and can also undergo Arias-Stella reaction. At the same time the cervical stroma undergoes ripening through the extensive destruction of its collagen by collagenases and accumulation of gel-like mucopolysaccharides, as well as increase in its fluid content. This results in softened and edematous cervical lips which roll out onto the vagina and evert a considerable portion of the endocervix beyond the external os. A substantial amount of immature squamous metaplasia will consequently follow. The stroma can also undergo focal or massive decidualization, which could be the cause of vaginal spotting in pregnancy.
The cervicovaginal smear in this population reflects all of the above physiologic changes. Since these changes are a pitfall into the diagnosis of an epithelial abnormality, we were prompted to review our files for smears retrieved from this population.
Materials and Methods
We retrospectively reviewed 278 abnormal Pap smears from 153 pregnant/preabortal and 125 postpartum/abortal patients at the University of South Alabama, identified from approximately 64,000 cervicovaginal smears received between the years 1991 and 1994. All smears were collected by the gynecologist, immediately sprayed with a spray fixative, and consequently stained with the Papanicolaou technique. The cytological diagnoses were as follows: 21 high-grade squamous intraepithelial lesion (HGSIL) cases, 46 low-grade squamous intraepithelial lesion (LGSIL) cases, 185 atypical squamous cells of undetermined significance (ASCUS) cases, and 26 atypical glandular cells of undetermined significance (AGUS) cases. Surgical correlation (excluding 18 products of conception and 153 placentas) was available in 98 (35%) of the cases. An additional 73 follow-up cervical smears were also reviewed and compared with the original corresponding abnormal smears.
Most pregnant patients were followed up by a cervical smear every 3-6 months and were biopsied within 6-8 weeks postpartum. The biopsies were within 1-9 months of the initial abnormal smear. Postpartum patients were biopsied only if the atypia persisted on a repeat smear.
Results
No particular change was characteristic of pregnancy in our cases. Navicular cells were commonly seen especially in the pregnant group, frequently as large cellular aggregates. At times the glycogen was concentrated in the perinuclear area and simulated a koilocytotic halo; however, the nucleus was normal, and the characteristic cytoplasmic changes were lacking.
Dysplasia was confirmed on biopsy in 11 cases diagnosed by cytology as HGSIL (7 cervical intraepithelial neoplasia [CIN] II/III and 4 CIN I), in 19 cases of the LGSIL (6 CIN II/III and 13 CIN I), in 35 cases of ASCUS (4 CIN II/III and 31 CIN I), and in two cases of AGUS (1 CIN III and 1-CIN I). Decidualization was present in six cervical and three endometrial biopsies, of which two cases had concurrent dysplasia on the smears (Table I) . A second cytologic review of the smears revealed the following findings to be the major contributing factors to the abnormal diagnoses: HGSIL (18 cases), LGSIL (98 cases), reactive/metaplastic cells (66 cases), immature metaplastic cells (33 cases), hyperplasia of glands (32 cases), decidua/trophoblastic cells (22 cases), and cells in which the differential diagnosis between decidua and reparative metaplasia could not be resolved (9 cases). While SIL was cytologically diagnosed in 55% of the pregnant group versus 25.5% of the postpartum group, reactive and gestational-related changes resulted in the atypia in 45% of the former group versus 74.5% of the latter group (Table II) . Keeping in mind, however, that almost every smear contained a combination of at least two of the above findings, squamous metaplasia whether reactive or immature and endocervical gland hyperplasia were the most common findings in most of the smears. Tubal metaplasia occurred as an additional finding, in four cases of AGUS, four cases of ASCUS, and one case of HGSIL. Granulation tissue with hemosiderin-laden macrophages were seen in postpartum patients, and one patient had a foreign body type granuloma.
A few of the postpartum follow-up smears were performed within less than 3 weeks. In these smears we saw what G. Papanicolaou called postpartum cells, i.e., parabasal cells with prominent cell borders, vacuolated bluish cytoplasm, and well-formed but slightly pyknotic nuclei. 2 The glandular atypia ranged from mild to severe in the AGUS group. Glandular hyperplasia or reactive changes accounted for the atypia in the majority of cases (Fig. 1A) . The hyperplastic glands were numerous on the smears, with abundant hypervacuolated cytoplasm, enlarged, reactive nuclei, and prominent nucleoli. Frequently the endocervical cells exhibited nuclear clearing and/or occurred in tightly cohesive clusters with numerous, molded, and ground glass nuclei which were difficult to distinguish from herpes virus infection (Fig. 1B) .
A few smears contained cells that could be interpreted as Arias-Stella reaction (Fig. 1C,D) ; however, none of the follow-up biopsies revealed Arias-Stella reaction of the endocervix. These cells had large eccentric nuclei with cherry red nucleoli and abundant hypervacuolated cytoplasm. Frequently, the cells were degenerated and nuclear details were smudged.
Decidua and trophoblastic cells were the most difficult to recognize. Decidua cells were large, oval to polygonal, and occurred singly or in small clusters. The cytoplasmic and nuclear characteristics varied from one case to another depending on the degree of cellular preservation. In wellpreserved cells the cytoplasm was most commonly finely vacuolated and stained either basophilic or less commonly eosinophilic ( Fig. 2A) . Cytoplasmic extensions between the adjacent cells were commonly seen (Fig. 2B ). The nucleus was at least three to four times that of an intermediate squamous cell nucleus and contained finely granular chromatin and one prominent or multiple small nucleoli. With loss of preservation, the chromatin acquired a glassy homogeneous appearance with loss of nucleoli. One of our cases initially diagnosed as HGSIL correlated with involuted decidua of the cervix on follow-up biopsy (Fig. 3A,B) . The cells were embedded in an amorphous background and appeared mostly in small to medium-sized sheets, a few of which were tightly cohesive. The nuclear to cytoplasmic ratio (N/C) was markedly increased. The nuclei were lobulated with irregular nuclear membranes and occasional binucleation. However, the chromatin was structureless and hypochromatic, with an overall air-dried appearance. Although no bizarre forms were seen, the cells were markedly larger than the adjacent squamous epithelial cells. In another case initially diagnosed as LGSIL (Fig. 3C,D) , the nucleus was at least four times that of the adjacent intermediate squamous cells; however the chromatin was bland and homogeneous, and the N/C ratio was normal.
Reparative changes were common, and when pronounced, the cytologic features of these cell groups were difficult to separate from those of decidua (Fig. 4) .
Classic syncytiotrophoblasts were easy to identify and posed no diagnostic problems (Fig. 5) . In some instances they presented as squamous metaplastic-like cells with multiple nuclei mimicking human papilloma virus (HPV) infected cells (Fig. 6C) . The nuclei, however, lacked the raisinoid appearance or the hyperchromasia of a dysplastic cell.
Cytotrophoblasts were rare and difficult to distinguish from severe dysplasia. They were small cells similar in size to endometrial or small metaplastic cells. Most commonly they were seen as single cells with a high N/C ratio, hyperchromatic nuclei, and occasional prominent nucleoli. They had a rim of basophilic cytoplasm, which was either finely vacuolated and blurred with the background, or well outlined and contained few vacuoles that indented the nuclei (Fig. 6A ). In few cases the cytotrophoblasts occurred as cords of a few cells, or were whorled in tight clusters and resembled endometrial cells with pleomorphic nuclei (Fig.  6B) . Occasionally, both types of trophoblasts were seen in the same cluster (Fig. 6C) .
True SIL was present in the majority of patients originally diagnosed as such. Most of these cases were first identified by the cervicovaginal smear taken at their initial prenatal visit. A few cases with biopsy-proven LGSIL with HPV effect showed evidence of glycogen accumulation within the koilocytes similar to what occurs in intermediate squamous epithelial cells during pregnancy (Fig. 7) . None of our patients progressed to a higher-grade SIL during the pregnancy or immediately after delivery. In two of the patients diagnosed as LGSIL, the lesions progressed to CIS in one and invasive carcinoma in the other over a 3-year period.
Discussion
During pregnancy, the female genital tract undergoes tremendous physiologic changes. Findings reflecting the hormonal changes in the cervicovaginal smears, e.g., maturation index, were the subject of extensive research in the sixties. Cytopathologists attempted to utilize the cervicovaginal smear examination in order to predict the delivery day, fetal maturation, fetal sex, or an inevitable abortion, etc. 3 Since then, numerous reports have been published with emphasis on various aspects of pregnancy-related cellular changes and their diagnostic pitfalls. [4] [5] [6] [7] [8] [9] [10] Although they all gave concise descriptions of cells like decidua, trophoblasts, or AriasStella reaction, these cells continue to be the most common diagnostic pitfall in this population. This is due to the wide range of changes in pregnancy, the various presentations by which each entity can manifest itself, and the difficulty to attain histologic correlation, since only a small fraction of these patients get biopsied. Even with biopsy, lesions like Arias-Stella reaction or decidualization can still be missed due to their focal nature. The cervical squamous epithelium during pregnancy becomes hyperplastic; however, the intermediate squamous epithelial cells never become completely mature (eosinophilic and karyopyknotic). 3 These cells accumulate a large amount of glycogen which impart their characteristic form, i.e., navicular cells. Although they commonly occur during pregnancy, they are not specific and can be seen in other conditions. According to Dr. G. Papanicolaou 2 they have larger nuclei, heavier cell outlines, and occur in a compact grouping when related to pregnancy. In our cases, navicular cells were commonly seen, especially among the pregnant group. This feature was not restricted to the normal intermediate squamous epithelium, since it was also seen in a few of the cases with SIL. Cervical decidualization is not an uncommon event in pregnancy. Schneider and Barnes 11 examined 191 resected gravida uteri looking for the frequency and pattern of ectopic decidual reaction in the cervix. They found decidua in 62 cases (30.8%), of which 12 (34%) cases had decidual cells on their cervical smears. The decidua was found in a loose stroma directly beneath the overlying squamous epithelium which was commonly eroded or ulcerated. This decidualization with overlying squamous epithelium erosion could result in vaginal bleeding, and could be grossly and histologically mistaken for cancer.
The initial diagnoses in our cases with decidua ranged from ASCUS to HGSIL. As previous studies had reported 5,10,12,13 decidual cells were the most difficult to recognize, especially when they are degenerated. The variation in the cellular morphology of decidua from one case to another has accounted for the variable descriptions it has received in the past literature. The fact that degenerated decidua can mimic HGSIL should be emphasized. In these cases, however, examination at low magnification revealed cells several times the size of the adjacent squamous epithelial cells. Except in the case of involuted decidua, the cells maintained a normal N/C ratio. They were mostly mononuclear cells with occasional binuclear ones. As Murad et al. 10 indicated, it was rare to see more than three nuclei per cell. Although most commonly the source of decidual cells on a cervical smear is the cervix, some will exfoliate from the uterus. As Danos and Holmquist 13 suggested, perhaps they slough off from the free surface of the uterus by the friction of the chorion against the endometrium. As the exfoliated cell undergoes degeneration it proceeds in one of two paths. It either shrinks and acquires a deeply orangeophilic cytoplasm and a dark pyknotic nucleus, or it becomes edematous and swells to an enlarged cell with a structureless, hypochromatic, and lobulated nucleus. In both situations the cell will have a very atypical appearance suspicious of HGSIL. In our review we noticed that intermediate forms of degenerative changes also occur in which the cells do not reach the above extreme changes, but have enough atypia to be misinterpreted as SIL. As we described, we had cases that were misinterpreted as both high-and low-grade SIL. However, examination at low magnification and acquisition of history of pregnancy would have given a clue to the true lesion.
The Arias-Stella reaction was described by Dr. AriasStella as a lesion that can closely mimic clear cell carcinoma. 14, 15 It is a physiologic response to the presence of viable trophoblasts and increased hormonal levels. The cells are characterized by abundant, vacuolated cytoplasm, enlarged nuclei with prominent nucleoli, or smudged chromatin, 16, 17 features that can be easily mistaken for viral cytopathic effect or endocervical carcinoma. Schneider found the frequency of Arias-Stella reaction of the endocervix to be 9% (17 of 191 cases). 18 It occurred in any site although most commonly in the high endocervical canal, and was remarkably focal in nature with abrupt transition to normal glands. In a recent paper by Rhatigan, 19 the reported frequency of Arias-Stella reaction ranged from 50% by Arias-Stella himself to 9% by Schneider and was directly proportional to the number of sections examined per cervix, which ranged from 17 in the former to three in the latter study. In his paper Rhatigan reported five additional cases identified from 500 cervical biopsies (1%), four of which had corresponding abnormal Pap smears, none of which had Arias-Stella reaction. Benoit and Kini, 20 reported 13 cases with AriasStella reaction-like changes. Four of these cases had histologic follow-up, none of which documented the diagnosis which was based on the similarity of these atypical glandular cells to those described by Arias-Stella in the endocervix. 15 The low frequency and focal nature of this entity could explain its rarity and the difficulty in attaining histologic correlation to the cytologic diagnosis. This is consistent with our findings in which we did not have documented AriasStella reaction on a cervical biopsy. We believe that most of these cells were shed from the uterine cavity rather than from the cervix.
Endocervical gland hyperplasia was a very common finding in our study, which if recognized should not pose any diagnostic difficulty to the examiner. However, it should be 
PREGNANCY-RELATED CHANGES
Diagnostic Cytopathology, Vol 17, No 2 noted that in cases of microglandular hyperplasia, the glandular atypia can be striking, and as reported by Valente et al. 21 can be misdiagnosed as HGSIL or adenocarcinoma. Also the nuclear clearing which can occur in the gestational setting as well as the hypertrophied glandular cells with multiple, ground glass, and molded nuclei can mimic and should not be confused with herpes virus infection, 22 since the latter diagnosis will have profound consequences in the management of a pregnant woman.
Fiorella described syncytiotrophoblasts as large multinucleated cells. 8 The cytoplasm can be basophilic or eosinophilic, and the nuclei have irregular nuclear contours. They can be seen on smears throughout the pregnancy and do not have significant correlation to impending abortion. 23 These cells are easily recognized and distinguished from multinucleated histiocytes which occur in the vicinity of mucin. However, in our experience, they do not always manifest in this form. We noticed that they can simulate HPV as described above. Careful examination, however, will reveal the bland normochromatic nuclei with occasional small nucleoli in the HPV mimickers.
Cytotrophoblasts are more difficult to recognize, rarely identified, and can be mistaken for HGSIL/CIS. In a widely referenced article, Naib reported 32 cases with single trophoblastic cells identified from their files of approximately 30,000 cases. 24 They all had large hyperchromatic single or multiple nuclei, bland chromatin pattern, and sharp thick nuclear membranes. The cytoplasm was scant with irregular and poorly defined borders. Piled up clusters of trophoblasts were present in some instances. Our experience concurs with his findings. Some of our cases had prominent nucleoli that helped in separating them from HGSIL. In clusters they mimicked endometrial cells or CIS. In all cases these cells were present in a highly inflamed and sometimes bloody background that either contained exodus or other elements of pregnancy, e.g., decidua or syncytiotrophoblasts, which gave a clue to their identity. 
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Although trophoblasts are seen mostly in smears retrieved near term or in the immediate postpartum period, Frank et al. reported a case with residual trophoblasts up to 1 year following a spontaneous vaginal delivery. 25 It is estimated that the prevalence of HPV ranges between 10% and 29% in pregnant women. 26, 27 In our study, of the 278 patients cytologically diagnosed with an epithelial cell abnormality, 67/98 (68%) of those with follow-up biopsy revealed CIN. This emphasizes the value of the cervical smear performed at the mother's initial prenatal visit, which frequently is also her first smear, in identifying those with a high risk.
Because of the recognized risk of complications to the mother and the fetus, most of the patients diagnosed with SIL are followed up closely with repeated cervical smears, and occasionally with directed biopsies. In general, surgical intervention is restricted to lesions with impending invasion, and definitive treatment is reserved to post puerperium. 28 None of our cases diagnosed with SIL progressed to a higher-grade lesion during or immediately after delivery. This could not be explained by lack of follow-up on these patients since they constituted 49% of the total patients biopsied. Of the 21 cases of HGSIL, 15 (71%) were followed by biopsy and three cases (14%) by cytology. Of the 46 cases of LGSIL, 26 (56.5%) were followed by biopsy and nine (19.5%) by cytology.
In summary, certain pitfalls were unique to this population. The differential diagnosis of multinucleated cells as listed in Table III was wide and included both the gestational cells as well as cells native to the cervix. Perinuclear halos induced by glycogen as well as squamous-like syncytiotrophoblasts could mimic HPV. Endocervical cells with multinucleation or nuclear clearing could mimic herpes simplex virus infection. Cytotrophoblasts or degenerated decidual cells could mimic HGSIL. Despite the caution required in this population, dysplastic changes should not be underestimated. 
